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(57) Abstract 

The ground proximity warning system 
and method provide a number of alerts based 
upon a substantially reduced list of input param- 
eters relative to a conventional ground proxim- 
ity warning system and method. The ground 
proximity warning system and method gener- 
ally constructs alert envelopes and generates 
alerts if the:upcoming terrain or other obstacles 
pierce the alert envelopes. The ground proxim- 
ity warning system and method can also gen- 
erate alerts if the aircraft has an excessive de- 
scent rate at a relatively low altitude and if the 
aircraft descends immediately following take- 
off in a similar fashion to Mode I and Mode 
3 alerts. Further, the ground proximity warn- 
ing system and method can provide altitude call 
outs at predefined altitudes above a target run- 
way and can provide alerts if tfie aircraft ap- 
pears to be landing short of a runway. The 
ground proximity warning system and method 
are capable of providing the various warnings 
based upon only a pressure altitude, GPS sig- 
nals and, in some embodiments, the external air 
temperature. Thus, the ground proximity warn- 
ing system and method can t)e independent of a 
radio altimeter, an ADC, a glideslopc receiver 
and signals indicative of the configuration of 
the landing gear and flaps. 
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GROUND PROXIMITY WARNING SYSTEM AND METHOD 
HAVING A REDUCED SET OF INPUT PARAMETERS 



FIELD OF THE INVENTION 
The present invention relates generally to ground proximity warning systems 
and methods and, more particularly, to ground proximity warning systems and 
methods having a reduced set of input parameters in order, for example, to enhance 
the situational awareness of the pilots of general aviation aircraft in a cost effective 
manner, 

BACKGROUND OF THE INVENTION 

An important advancement in aircraft flight safety has been the development of 
ground proximity warning systems, also known as terrain awareness systems. These 
waming systems analyze the flight parameters of the aircraft and the terrain 
surrounding the aircraft. Based on this analysis, these waming systems provide alerts 
to the flight crew concerning possible inadvertent collisions of the aircraft with 
surrounding terrain or other obstacles, including instances in which the flight path of 
the aircraft would appear to bring the aircraft in short of the runway. 

Ground proximity waming systems often have several modes in or^r to. 
provide various types of alerts depending upon the flight conditions. For example, the 
enhanced ground proximity waming system provided by AUiedSignal Inc. has six 
primary modes of operation. Mode 1 is designed to provide alerts for an akcraft 
having an excessive descent rate that is relatively close to the underlying terrain. 
Mode 2 provides an alert in instances in which an aircraft is closing v\dth the terrain at 
an excessive jate, even in instances in which the aircraft is not descending. Mode 3 
provides alerts in instances in which an aircraft loses significant altitude immediately 
after take off or during a missed approach. Mode 4 provides alerts for insufficient 
terrain clearance based upon the phase of flight and the speed of the aircraft. In this 
regard, Mode 4 provides alerts based upon different criteria depending upon whether 
the aircraft is in the take off phase of flight or in the cruise or approach phases of flight 
and further depending upon whether the gear is in a landing configuration. Mode 5 



also provides two levels of alerts when the aircraft flight path descends below the 
glideslope beam on front course instrument landing system (ILS) approaches. Finally, 
Mode 6 provides alerts or call-outs for descent below predefined altitudes or the like 
during an approach, as well as alerts for excessive roll or bank angles. 

In addition to the various modes of operation, the enhanced ground proximity 
warning system provided by AUiedSignal Inc. defines an alert envelope and, more 
particularly, both a caution envelope and a warning envelope. The imaginary alert 
envelopes move with the aircraft and are constructed to extend forwardly of the 
aircraft and to define a region in which alerts will be generated if terrain or other 
obstacles enter by penetrating one of the alert envelopes. In this regard, U.S. Patent 
No. 5,839,080 to Hans R. MuUer et al. and assigned to AUiedSignal Inc. describes an 
advantageous ground proximity warning system that generates an alert envelope. The 
contents of U.S. Patent No. 5,839,080 are hereby incorporated by reference in their 
entirety. 

As described by U.S. Patent No. 5,839,080, an alert envelope is defined by a 
number of parameters, including a look ahead distance (LAD), a base width (DOFF) 
and a terrain floor ( H ) . In general terms, the look ahead distance defines Hie 
distance in advance to the aircraft that the alert envelope extends. Similarly, the 
terrain floor typicMly defines a vertical distance below the aircraft which is utilized 
during the construction of the floor of the alert envelope. Further, the base width is 
the lateral width of the alert envelope at a location proximate the aircraft. 

As described by U.S. Patent No. 5,839,080, the ground proximity warning 
system can construct a pair of alert envelopes, namely, a caution envelope and a 
warning envelope. While each envelope has a similar shape as described above, the 
caution envelope typically extends further ahead of the aircraft than the warning 
envelope and is tiierefore generally largo- than the warning envelope. Accordingly, 
the ground proximity waming system will generate cautionary alerts in instances in 
which the upcoming terrain or other obstacles penetrate the caution envelope, but not 
the waming envelope. Once the upcoming terrsun or other obstacles penetrate the 
waming envelope, however, the ground proximity waming system will generate a 
more severe waming alert. As such, a pilot can discern the severity of the alert and the 
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speed with which evasive maneuvers must be taken in order to avoid the upcoming 
terrain or other obstacles based upon the type of alert that is provided, i.e., a less 
severe cautionary alert or a more severe warning alert. 

In addition to the various modes of operation and the alert envelopes described 
above, ground proximity waming systems can also provide other types of alerts. For 
example, the enhanced ground proximity waming system provided by AlliedSignal 
Inc. also provides a terrain clearance floor (TCF) alert. In particular, the enhanced 
ground proximity waming system creates an increasing terrain clearance envelope 
around an intended runway and alerts are provided if the flight path of the aircraft 
penetrates the terrain clearance floor, thereby providing alerts if the flight path of the 
aircraft indicates that the aircraft may land short of the runway. See, for example, 
U.S. Patent Application Serial No. 09/496,296, entitled "Apparatus, Method, and 
Computer Program Product for Generating Terrain Clearance Floor Envelopes about a 
Sdected Rimway" filed February 1, 2000 and U.S. Patent Application Serial No. 
09/454,924, entitled "Methods, Apparatus and Computer Program Products for 
Automated Runway Selection'' filed December 3, 1999 (hereinafter the *924 
application) which describe the generation of a terrain clearance floor and the 
selection of the runway about which the terrain clearance floor is constructed, 
respectively . The contents of both of these applications are herein incorporated by 
reference in their entirety. 

While grpvmd proximity waniing systems have substaiitially improved the 
situational av^areness of flight crews of commercial aircraft by providing a variety of 
alerts of upcoming situations that merit the attention of the flight crews and by 
providing graphical displays of the upcoming terrain, obstacles and other notable 
features, ground proximity waming systems generally require a relatively robust set of 
input parameters. For example, conventional ground proximity waming systems 
require a signal indicative of the radio altitude from a radio altimeter, signals 
indicative of the altitude, the computed airspeed, the corrected altitude, the altitude 
rate, the true airspeed and the static air temperature from an Air Data Computer 
(ADC), signals indicative of the position, the magnetic track and the corrected altitude 
from a Flight Management System (FMS), signals indicative of the acceleration, 



attitude, altitude, vertical speed, position, magnetic heading/track, true heading/track 
and ground speed from an inertial reference system (IRS) and/or an attitude heading 
reference system (AHRS), signals indicative of the position, position quality, altitude, 
ground speed, ground track, date, time and status from a global navigation positioning 
system (GNSS) or a global positioning system (GPS) (hereinafter collectively 
referenced as a GPS), signals indicative of the glideslope deviation, a localizer 
deviation and the selected runway coordinates from an instrument landing system 
GLS) and/or a microwave landing system (MLS) as well as other signals from other 
avionic subsystems. Therefore, for a conventional ground proximity warning system 
to be fully functional, the aircraft must not only carry the ground proximity warning 
system, but must also have a number of other subsystems, such as a radio altimeter, an 
ADC, an FMS, an IRS or an AHRS, a GPS and an ILS or a MLS. As will be 
apparent, each of these subsystems is quite expensive. However, most large 
commercial aircraft are mandated to have most, if not all, of these subsystems, such 
that the input parameters required by a conventional ground proximity warning system 

are readily available. 

In contrast to commercial aircraft, general aviation aircraft, such as light 
• turbine and piston aircraft, are not required to have many of the foregoing subsystems 
and, as a result, do not carry most of the foregoing subsystems since each subsystem is 
quite expensive. For example, most general aviation aircraft do not include a radio 
altimeter or an ADC. In addition, most general aviation aircraft do not include a 
glideslope receiver and do not provide any signals indicative of the configuration of 
the landing gear or flaps, as many aircraft have a fixed down landing gear. Even 
tiiough GPS is becoming increasingly more affordable and many general aviation 
aircraft tiierefore cairy GPS equipment, conventional ground proximity warning 
systems cannot fimction properly based upon the parameters provided solely by tiie 
GPS, such as the position, position quality, altitude, ground speed, ground tirack, date, 
time and status, witiiout input fi:om a variety of otiier subsystems that are not generally 
carried by general aviation aircraft. 

General aviation aircraft typically fly at much lower altitudes and in much 
closer proximity to tiie underlying terrain and otiier obstacles tiian commercial aircraft 



and would therefore appear to have at least as great, if not greater, of a need for a 
ground proximity warning system and the various alerts provided by ground proximity 
warning systems. However, general aviation aircraft cannot generally support a 
ground proximity warning system since the general aviation aircraft does not carry the 
5 other subsystems that would be required in order to provide the ground proximity 
warning system with the necessary input parameters. 

SUMMARY OF THE INVENTION 
The ground proximity warning system and method of the present invention are 
designed to provide a number of alerts based upon a substantially reduced set of input 

10 parameters. Thus, the ground proximity warning system and method of the present 
invention can greatly improve the situational awareness of a flight crew without 
requiring that the aircraft carry a number of other subsystems for providing the robust 
set of input parameters demanded by conventional ground proximity warning systems. 
'r * The ground proximity warning system and method of the present invention is 

1 5 therefore particularly well suited for general aviation aircraft that have a GPS receiver, 
but that do not include a radip altimejter, an ADC or the like. ; 

The ground proximity warning system arid method of the present invention 
include a processor, responsive to a GPS receiver, for determining a positional 
relationship between an aircraft and upcomiujg terrain. According to the present 

20 invention, the processor is capable of determining the positional relationship between 
the aircr^ and the upcoming terrain based only upon a pressure altitude, signals 
provided by the GPS and elevational data associated with the upcoming terrain. For 
example, the GPS signals may include at least one and, more typically, each of the 
following signals: latitude, longitude, ground speed, ground track, GPS altitude and a 

25 quality parameter. In addition, the processor can be responsive to a temperature probe 

and runway data. In this embodiment, the processor is therefore capable of 
determining the positional relationship between the aircraft and the upcoming terrain 
based upon the extemal air temperature in addition to the pressure altitude, the GPS 
signals and the elevational data associated with the upcoming terrain. 
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The ground proximity warning system and method of one embodiment also 
determines the positional relationship between the aircraft and a runway, typically the 
runway upon which the aircraft intends to land. According to this embodiment, the 
processor is capable of determining the positional relationship between the aircraft and 
5 the runway based only upon the pressure altitude, the GPS signals and data associated 
with the runway. Thus, the ground proximity warning system and method of this 
embodiment can detect instances in which the aircraft may land short of the runway 
based upon the positional relationship between the aircraft and the runway. 

Accordingly, the ground proximity warning system and method of the present 
10 invention is capable of functioning with a dramatically reduced set of input parameters 
relative to conventional ground proximity waming systems and methods. In this 
regard, the ground proximity waming system and method of the present invention can 
determine the positional relationship between the aircraft and the upcoming terrain 
and, in some instances, between the aircraft and an intended runway in a manner 
15 independent of at least one and, more typically, each of the following signals: radio 

altitude, indicated air speed, roll angle, the respective positions of the landing gear and 
flaps and the glideslope. As such, the ground proximity waming system and method 
of the present invention do not require an aircraft to also include a number of other 
relatively expensive subsystems in order to provide the robust set of input parameters 
20 demanded by conventional ground proximity waming systems and methods. Thus, the 
ground proxiniity waming systeni and method is well suited for general aviation 
aircraft which are not required to have radio altimeters, ADCs or the like. 

A groimd proximity v/aming system and method of the present invention also 
include a waming mechanism for providing an alert, if the processor determines that 
25 the positional relationship between the aircraft and the upcoming terrain and/or the 
intended runway fails to meet an alert criteria. In this regard, the ground proximity 
waming system can also include a memory device for storing a terrain database 
defining the elevational data for the upcoming terrain and, in some instances, a runway 
database providing data associated with the intended ranway. As such, the processor 
30 can construct a waming envelope extending in advance of the aircraft which can then 
be compared to the elevational data associated with the upcoming terrain such that a 
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warning alert is provided if the upcoming terrain pierces the warning envelope. 
Likewise, the processor can construct a caution envelope extending further in advance 
of the aircraft than the warning envelope and can compare the caution envelope to the 
elevational data associated with the upcoming terrain such that a cautionary alert can 

5 also be provided if the upcoming terrain pierces the caution envelope. Further, the 

processor can determine the geometric altitude of the aircraft as well as the difference 
between the geometric altitude and the elevation of the local terrain such that an alert 
can be provided if the difference between the geometric altitude and the elevation of 
the local terrain is less than a predetermined altitude. Thus, the ground proximity 

10 warning system and method of this embodiment can provide callouts at different 
altitudes above the vmderlying terrain, such as during an approach. 

The ground proximity warning system and method of the present invention can 
also provide alerts analogous to the alerts provided in several of the modes of a 
conventional ground proximity warning system and method. For example, a ground 

15 proximity warning system and method of one embodiment can provide an alert if the 
aircraft is determined to have an excessive descent rate at a relatively low altitude in a 
similar fashion to a Mode 1 alert provided by a conventional ground proximity 
warning system and method; In this embodiment, the ground proximity warning 
system determines a pseudo radio altitude and a vertical velocity and thereafter 

20 determines if the vertical velocity of the aircraft at the particular pseudo radio altitude 
exceeds a predetermined sink rate and, if so, preferably activates a warning 
mechanism for providing an alert. More particularly, the ground proximity warning 
system and method of this embodiment determine the pseudo radio altitude based 
upon a geometric altitude and the elevation of local terrain. Since the geometric 

25 altitude is typically associated with a figure of merit, the alerts provided by the ground 
proximity warning system and method of this embodiment are preferably disabled if 
the pseudo radio altitude is less than the figure of merit, thereby preventing potentially 
erroneous alerts fi-om being generated. The ground proximity warning system and 
method of this embodiment also preferably determine the vertical velocity based upon 

30 a combination of a first vertical velocity derived from a signal indicative of pressure 
altitude and a second vertical velocity derived from GPS signals. Thus, the ground 
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proximity warning system of this embodiment can determine a reliable vertical 
velocity even though the ground proximity warning system and method are typically 
independent of an IRS or an AHRS that otherwise would provide the vertical speed of 
the aircraft. 

A groimd proximity warning system and method according to another 
embodiment of the present invention detects a descent following takeoff from a 
runway in order to provide an alert in much the same fashion as alerts provided by a 
conventional ground proximity warning system and method operating in Mode 3. In 
this regard, the ground proximity waming system and method of this embodiment 
include a processor, responsive to a signal indicative of the pressure altitude and to 
GPS signals, but independent of a radio altitude, for determining height above field, 
typically based upon geometric altitude values. In addition, the processor determines 
if an altitude loss of the aircraft at the height above field on takeoff exceeds a 
predetermined altitude loss and, if so, actuates a warning mechanism for providing an 
alert. In order to avoid nuisance alerts, the waming mechanism is preferably disabled 
if the height above field is less than a figure of merit associated with the geometric 
altitude. Likewise, the waming mechanism is preferably disabled once the height 
above field is at least as great as a predetermined threshold. 

According to the present invention, the embodiments of the ground proximity 
warning system and method that provide alerts for ah excessive sink rate and for 
excessive descent after takeoff are capable of providing the alerts based solely upon 
pressure altitude, GPS signals and elevationd date association with the respective 
runways and the local terrain. In addition, the ground proximity waming system and 
method of these embodiments can also be responsive to a temperature probe such that 
the pseudo radio altitude and the height above field and also based upon the external 
air temperature. 

While the ground proximity warning system and method of these embodiments 
are capable of providing the desired alerts in response to only a limited set of input 
signals, the ground proximity waming system and method of these embodiments are 
also capable of processing the available signals and providing the desired alerts in the 
manner independent of many of the signals required by conventional ground proximity 



warning systems, such as signals indicative of the radio altitude, the indicated 
airspeed, the roll angle, the respective positions of the landing gear and flaps and the 
glideslope. Thus, the ground proximity warning systems and methods of these 
embodiments of the present invention provide alerts that are analogous to the alerts 
provided by the various modes of conventional ground proximity warning systems and 
methods without requiring that the ground proximity warning system and method of 
the present invention interface with as many other subsystems in order to supply the 
requisite input parameters. 

Therefore, the ground proximity warning system and method of the present 
invention provide alerts in various predefined situations in order to substantially 
increase the situational awareness of a flight crew without requiring the robust set of 
input parameters demanded by conventional ground proximity warning systems and 
methods. Instead, the ground proximity warning system and method of the present 
invention are capable of providing various alerts based only upon signals 
representative of the pressure altitude and the GPS signals without reference to a radio 
altimeter, an ADC, a glideslope receiver or signals indicative of the configuration of 
the landing gear or flaps. Thus, aircraft, such as general aviation aircraft, can install 
the ground proximity warning system and method of the present invention in order to 
provide increased situational awareness and alerting to a possible controlled flight into 
terrain (CFIT) situation without having to buy and install a number of other 
subsystems, such as a radio altimeter, an ADC and a glideslope receiver, that are not 
generally required for general aviation aircraft and that are prohibitively expensive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a ground proximity warning system and method 

according to one embodiment of the present invention. 

Figure 2 illustrates the operations performed by the ground proximity warning 

system and method to determine the pseudo roll angle according to one embodiment 

of the present invention. 

Figure 3 is a graphical representation of the terrain floor ( H ) according to one 

embodiment of the present invention. 



Figure 4 illustrates the operations performed by the ground proximity warning 
system and method to detemiine the flight path angle according to one embodiment of 
the present invention. 

Figure 5 illustrates the operations performed by the grand proximity waming 
system and method to determine the vertical velocity according to one embodiment of 
the present invention. 

Figure 6 illustrates the predefined relationship between the pseudo radio 
altitude and descent rate that defines the Mode 1 alerts provided by a ground 
proximity waming system and method according to one embodiment of the present 
invention. 

Figure 7 illustrates the predefined relationship between the height above 
ground and altitude loss that defines the Mode 3 alerts provided by a ground proximity 
waming system and method according to one embodiment of the present invention. 

Figure 8 illustrates the operations perforaied by the ground proximity waming 
system and method to provide altitude call outs according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 
forms and should not be constraed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will folly convey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 

Referring now to Figure 1, a block diagram depicting the ground proximity 
waming system and method according to one embodiment of the present invention is 
depicted. As generally illustrated, the ground proximity waming system and method 
includes a processor 10 for receiving a limited number of input parameters, for 
processing the input parameters and for generating a number of different alerts to 
advise a flight crew of predetermined situations. Typically, the processor is a data 
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processing device, such as a microprocessor, a microcontroller or other central 
processing unit. However, the processor can be embodied in another logic device such 
as a DMA (direct memory access) processor, an integrated conmiunication processor 
device, a custom VLSI (very large scale integration) device, or an ASIC (application 
specific imbedded circuit) device. Moreover, the processor can be any other type of 
analog or digital circuitry or any combination of hardware and software that is 
designed to perform the processing functions described hereinbelow. 

In addition to power (not shown), the processor 10 is capable of providing the 
various alerts described hereinbelow in response to only a limited subset of the input 
parameters relative to the input parameters required by a conventional ground 
proximity warning system, such as described by U.S. Patent No. 5,839,080, the 
contents of which have been incorporated herein by reference. In this regard, the 
processor is capable of generating the various alerts described below based only upon 
the GPS signals and signals indicative of the pressure altitude. In order to refine the 
altitude calculations as described below, the processor can also receive signals 
indicative of the external air temperature, such as provided by a conventional 500 ohm 
temperature probe 14, one example being provided by Bendix/King (Rosemount) as 
Model No. KTS-283. While the ground proximity warning system and method are 
capable of generating the various alerts described hereinbelow in response to only a 
few input signals, it should be apparent that the ground proximity warning system and 
method of the present invention can receive and process additional signals, if such 
additional signals are provided by other subsystems carried by the aircraft, in order to 
fiirther refine the alerts. 

The ground proximity warning system of the present invention can interface 
with a variety of GPS receivers 12 including an AUiedSignal Global GNS-XLS/2100 
receiver as well as Honeywell GPS receivers bearing Model Nos. HG202.1 and 
HT9100, either directly or via a GPS Express circuit board. Regardless of the type of 
GPS unit, the processor 10 preferably receives signals indicative of the latitude and 
longitude of the aircraft, the ground speed of the aircraft, the ground track angle of the 
aircraft (also known as the true track angle of the aircraft), the GPS altitude as well as 
an indication of the quality of the navigation solution provided by the GPS. With 



respect to the quality of the navigation solution provided by the GPS, the ground 
proximity warning system preferably receives signals indicative of the vertical figure 
of the merit (VFOM) and the horizontal figure of merit (HFOM) associated with the 
latitude and longitude values provided by the GPS. However, the ground proximity 
waming system can accommodate other types of signals that are indicative of the 
quality of the navigation solution and that are provided by the GPS, such as a signal 
indicative of the position, dilution of precision (PDOP), a signal indicative of the 
horizontal dilution of precision (HDOP) and/or a signal representative of the vertical 
dilution of precision (VDOP). 

As known to those skilled in the art, PDOP, HDOP and VDOP are 
dimensionless quantities that relate the geometry of the satellite constellation that is 
currently being viewed by the GPS receiver and, accordingly, provide a measure of the 
quality of the latitude and longitude signals provided by the GPS. The HDOP and 
VDOP values can be converted to HFOM and VFOM values, respectively, by 
multiplying the HDOP and PDOP values by the User Equivalent Range Error (UERE) 
or some multiple thereof. While the UERE is determined in real time by the GPS 
receiver, the UERE of one exemplary GPS receiver is 33 meters. For example, the 
processor of one embodiment determines the HFOM and VFOM by multiplying 
HDOP and VDOP, respectively, by the quantity (2*UERE). The processor then 
converts HFOM fi"om meters to nautical miles by dividing by 1852 m/nm and VFOM 
from meters to feet by dividing by 0.3048 m/ft. While the GPS preferably provides 
quality signals representative of both HFOM and VFOM, the processor can estimate 
VFOM in instances in which only HDOP or HFOM is provided by initially 
multiplying or scaling the quantity by a conversion factor, such as 1.5. 

In addition to latitude, longitude, ground speed, ground track angle, GPS 
altitude and signal quality, the processor 10 can also receive and process several 
additional GPS signals including signals indicative of the GPS vertical velocity, the 
number of satellites being tracked, the results of Receiver Autonomous Integrity 
Monitoring (RAIM) and an altitude aiding flag. As known to those skilled in the art, 
the results of RAIM provide an indication as to whether respective satellites are 
providing inaccurate data, while the altitude aiding flag identifies instances in which 
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the GPS receiver 12 is communicating with less than four satellites which leads to 
pressure altitude being utilized in the determination of the GPS altitude as opposed to 
the GPS altitude being derived independently with respect to pressure altitude. 

The processor 10 can receive the pressure altitude from a number of sources. 
Although not necessary, the aircraft can include an air data computer (ADC), such as a 
Honeywell model SPZ-800, that provides the pressure altitude and static air 
temperature, as well as other parameters. Alternatively, an air data/fuel flow 
computer, such as a Shadin ADC-200 or an RMI uEncoder, can provide the presswe 
altitude. Still further, the processor can accept pressure altitude from an altitude 
encoder 16 that provides Gillham/Gray coded altitude data or a blind encoder, either 
individually or in combination with an altitude serializer. Of the foregoing sources of 
pressure altitude, altitude encoders generally have the poorest resolution, typically on 
the order of 100 feet, but are the most widely available sources of pressure altitude 
readings^ As such, the processor is designed to accommodate pressure altitude 
measurements with a resolution of 100 feet in the course of generating the various 
alerts. As used herein, pressure altitude generally refers to an uncorrected pressure 
altitude. In iiistances in which the pressure altitude can be corrected, however, such as 
in instances in which the pilot can enter the local air pressure, pressure altitude refers 
to the corrected pressure altitude. Thus, pressure altitude will be used genogpally 
herein for both corrected and uncorrected pressure altitude. 

As depicted in Figure 1 , the groimd proximity warning system and method 
provides a number of alerts, typically in both audible and visual form. In addition, the 
processor 10 can be associated with and can drive a display 18 to not only graphically 
depict the various warnings, but also to provide an image of the surrotmding terrain as 
described in more detail in U.S. Patent No. 5,839,080. As such, the ground proximity 
warning system and method greatly enhance the situational awareness of the flight 
crew. 

Based upon the foregoing input parameters, i.e., the pressure altitude, GPS 
signals and, optionally, the external air temperature, the ground proximity warning 
system and method provide alerts comparable to the alerts provided by several of the 
modes of a conventional ground proximity waming system and method, such as the 
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enhanced ground proximity warning system provided by AlliedSignal Inc. In this 
regard, the ground proximity warning system and method provides alerts comparable 
to the Mode 1 and Mode 3 alerts of a conventional ground proximity warning system 
as well as the altitude callouts of a conventional ground proximity warning system. In 
addition, the ground proximity warning system and method can provide terrain 
cautions and warnings based on alert envelopes that generally extend forwardly of the 
aircraft as described in more detail in U.S. Patent No. 5,839,080. 

With respect to the terrain cautions and warnings, the ground proximity 
warning system and method and, more particularly, the processor 10 determine a 
positional relationship between the aircraft and the upcoming terrain. In this regard, 
the processor preferably generates at least one alert envelope and, more typically, a 
caution envelope and a warning envelope that define alert regions extending at least 
forward of the aircraft. As described in more detail in U.S. Patent No. 5,839,080, each 
alert envelope is defined by a number of parameters including a look ahead distance 
(LAD), a base width (DOFF) and a terrain floor ( H ) . See also U.S. Patent 
Application Serial No. 09/495,979, entitled "Apparatus, Methods and Computer 
Program Products for Determining a Look Ahead Distance Value for High Speed 
Flight" filed February 1, 2000 for additional discussion of the LAD and U.S. Patent 
Application Serial No. 09/496,297, entitled "Ground Proximity Warning System, 
Method and Computer Program Product for CbntroUably Altering the Base Width of 
an Alert Envelope'' filed February 1, 2000, for further discussion of DOFF, the 
contents of both applications also being incorporated by reference herein. 

In addition to constmcting the terrain warning and caution envelopes, the 
processor 10 also compares the terrain waming and caution envelopes to the upcoming 
terrain and obstacles. In this regard, the ground proximity waming system preferably 
includes a memory device 20, either accessible by the processor 10 or internal to the 
processor, for storing a terrain database and, in some embodiments, an obstacle 
database that includes data representative of the elevation of the terrain or other 
obstacles at respective geographical coordinates, typically expressed in terms of 
latitude and longitude. 
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For example, a terrain database generally divides a region, such as the United 
States or each state of the United States, into a large number of sub-regions. For each 
sub-region, the terrain database defines the location of the sub-region and the 
maximum altitude of the terrain within the sub-region. While each sub-region can 
5 have the same size and shape, the sub-regions that include airports and/or highly 
populated locales are generally smaller so as to have increased resolution. For 
example, the sub-region near an airport and/or a highly populated locale generally has 
a square shape that is 0.5 nautical miles per side. In contrast, v^hile the sub-regions in 
less populated locales also generally have a square shape, these sub-regions are 
10 typically 1 .0 nautical miles per side. Therefore, in one advantageous embodiment, the 
resolution of the terrain database is typically 0.5 nautical miles up to 30 nautical miles 
from a runway and is typically 1 .0 nautical miles for regions further from a runway. 

The ground proximity warning system also preferably includes a warning 
mechanism such as a light 22, an audible alarm 24 and/or a graphical display 18 to 
15 provide the flight crew with notice of an alert. As such, the processor 10 of this 

embodiment drives the warning mechanism such that the warning mechanism 
provides an alert if the processor determines that the positional relationship between 
the aircraft and the upcoming terrain fails to meet an alert criteria. In particular, the 
processor generally drives the warning mechanism to generate a warning alert or a 
20 cautionary alert in instances in which the upcoming terrain and/or obstacles pierce the 

waniing envelope or the caution envelope, respectively. As such, the flight crew can 
initiate appropriate evasive action in a timely fashion. 

Unlike a conventional groxmd proximity warning system and method, however, 
the ground proximity waming system and method of the present invention is capable 
25 of determining the positional relationship between the aircraft and the upcoming 

terrain, such as by constructing waming and caution envelopes, based only upon the 
pressure altitude, GPS signals and elevational data associated with the upcoming 
terrain. As described below, the ground proximity waming system and method can 
also utilize a signal indicative of the external air temperature as well as runway data, if 
30 available. As described below, the processor can also utilize runway data to determine 



-15- 



the alert criteria since the alert criteria may be altered as the aircraft approaches a 
runway. 

In this regard, the GPS unit 12 provides the current latitude and longitude of 
the aircraft from which the alert envelopes extend. In to the same fashion as the alert 
envelopes constructed by a conventional ground proximity warning system and 
method, the alert envelopes constructed by the ground proximity warning system and 
method of the present invention are typically centered about the ground track of the 
aircraft as provided by the GPS unit, such that the center tine of the alert envelopes 
generally points therealong. In order to fiirther refine the alert envelopes by looking 
into turns in instances in which the aircraft is turning, the processor preferably 
constructs the alert envelopes such that the center tine is offset from the ground track 
of the aircraft, not by the roll angle less 5° as contemplated by conventional ground 
proxhnity warning system and method, but by a pseudo roll angle less 5", since the 
ground proximity warning system and method of the present invention generally does 
not receive a signal indicative of the roll angle. 

As depicted in Figure 2, the processor 10 can determine the pseudo roll angle 
by initially determining the track rate in degrees/second based upon the ground track 
^ provided by the GPS 12 and taking into account the sign change of the ground track, 
i.e., converting ground track values of -180° to +180« to 0** to 360^ See bkiek .30. 
The prt)cessor then determines the pseudo roll angle by subjecting the track rate to a 
turn rate equation that also takes into account the ground speed Vg prior to low pass 
filtering the output to smooth the pseudo roll angle, such as by means of a three 
sample median filter. See blocks 32 and 34. 

The processor 10 also preferably determmes if the pseudo roll angle is valid 
prior to broadcasting the pseudo roll angle or otherwise utilizing the pseudo roll angle 
internally. In this regard, the processor confirms that the ground speed and track angle 
are valid based upon validity signals provided by the GPS. In addition, the processor 
confirms that the aircraft is in the air. While the processor can determine that the 
aircraft is in the air in various manners, the processor of the embodiment of Figure 2 
determines that the aircraft is in air if the ground speed of the aircraft exceeds a 
predefined upper speed, such as 45 knots, for a predefined period of time, such as 5 
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seconds. The processor then will not alter the determination that the aircraft is in the 
air until the ground speed of the aircraft drops below a predefined lower speed, such as 
15 knots, for a predefined period of time, such as 5 seconds or until the GPS indicates 
that the signal indicative of ground speed is invalid. See Figure 2. As described, the 
processor can therefore reliably determine if the aircraft is in the air in a relatively 
straightforward manner in contrast to a conventional ground proximity warning 
system and method that rely upon radio altitude and airspeed; two parameters that the 
ground proximity waming system and method of the present invention need not 
receive since the ground proximity waming system and method of the present 
invention is designed to operate in a manner independent of a radio altimeter and an 
ADC. 

In recognition that the ground proximity waming system and method of the 
present invention will likely be utilized by smaller general aviation aircraft in contrast 
to the larger commercial aircraft that generally employ the conventional ground 
proximity waming system and niethod, the processor 10 of the ground proximity 
waming system and method of the present invention preferably limits the terrain floor 
(AH) to 250 feet, as opposed to 500 feet in most conventional ground proximity 
waming systems and methods, in order to facilitate the lower altitude flying and the 
non-precision landings conducted by general aviation aircraft without generating 
undesirable nuisance alarms. For example, while the processor can set 4H to any 
desired value, the processor of one embodiment sets A H to a value between 0 and 250 
feet depending uppn the distance of the aircraft from the nearest end of the selected 
mnway as depicted in Figure 3 . 

In order to facilitate the selection of the runway and, in turn, the determination 
of the alert criteria by the processor 10, memory device 20 also generally includes a 
mnway database that includes data defining a plurality of runways. In particular, the 
runway database generally defines the bearing of each of a plurality of runways as 
well as the latitude, longitude and elevation of the opposed ends of each of the 
ranways and a factor defining the quality with which the position of each runway end 
is defined While the runway can be selected in various manners, the processor of one 
embodiment selects a mnway as described by the '924 application based upon the 
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relative positions of the aircraft and the runways. Based upon the selected runway, the 
processor can then determine the distance to the nearest end of the selected runway. 

As known to those skilled in the art, one conventional ground proximity 
warning system and method defines a terrain database cutoff altitude, such as 400 feet 
above the elevation of the selected runway. For terrain having an elevation below the 
terrain database cutoff altitude, this conventional ground proximity warning system 
and method will not graphically depict the terrain and will not otherwise process 
elevational data associated with the terrain, thereby avoiding cluttering of the display 
and the generation of alerts near a runway. Further, a conventional ground proximity 
warning system and method can determine the terrain database cutoff altitude to be the 
smaller of a fixed cutoff altitude, such as 400 feet above the elevation of the selected 
runway, and a dynamic variable cutoff altitude. In this regard, the dynamic variable 
cutoff altitude is defined to be the current altitude of the aircraft above the selected 
runway less the terrain floor (AH) and also less a bias amount, such as 50 feet. 

In order to facilitate flight at lower altitudes above a selected nmway, the 
ground proximity warning system and method of the present invention preferably 
defines the fixed cutoff altitude to be a smaller value, such as 200 feet, and reduces the 
bias amount by which the dynamic variable cutoff altitude is reduced, typically to 0. 
Thus, an aircraft equipped with a ground proximity warning system and method of the 
present invention can permit flight at lower altitudes above the selected runway 
without generating alerts and wWle continuing to display an image of the terrain. 
Thus, the ground proximity warning system arid method of this embodiment of the 
present invention is particularly advantageous for smaller general aviation aircraft that 
oftentimes fly at lower altitudes by design. 

As known to those skilled in the art, the processor 10 preferably constructs the 
alert envelopes such that the floor of the alert envelopes are at an angle that equal or 
are otherwise related to the flight path angle. In this regard. Figure 4 depicts one 
advantageous technique by which the processor determines the flight path angle based 
upon vertical velocity and ground speed. While the GPS unit 12 typically provides the 
ground speed, the processor must typically determine the vertical velocity in instances 
in wMch the ground proximity warning system and method is independent of, i.e.. 
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does not interface with, an ADC which otherwise provides a barometric rate input. 
Without a barometric rate input, the processor preferably determines the vertical 
velocity based upon a combination of the vertical velocity derived from the pressure 
altitude and the representation of the vertical velocity provided by the GPS since both 
vertical velocity values have some inherent inaccuracies. In this regard, the pressure 
altitude may have a relatively low resolution, such as 100 feet in instances in which an 
altitude encoder 16 provides the pressure altitude, while maintaining relatively long 
term accuracy. Alternatively, GPS derived vertical velocity is typically very accurate 
in the short term, i:e,, 1 foot resolution generally, but may accumulate errors in the 
long term due to selective availability errors and the like. 

As such, the processor preferably implements a complementary filter to 
combine the best attributes of both vertical velocity values. As shown in Figure 5, for 
example, the processor 10 preferably generates the rate of change of the pressure 
altitude and the GPS altitude and multiplies each rate of change by 60 to convert the 
resulting vertical velocity values to feet per minute as opposed to feet per second. See 
blocks 40 and 42, respectively. The vertical velocity values derived from pressure 
altitude and GPS altitude are designated HpDot and HgDot, respectively. The, 
processor then processes the vertical velocity derived from GPS altitude through a low 
pass filter 44, such as a three sample median filter, in order to smooth the resulting 
vertical velocity. In contrast, the processor divides the vertical velocity derived from 
pressure altitude by a filter time constant, , and then integrates the result. See blocks 
46 and 48 respectively. By dividing by the filter time constant, the processor 
effectively weights the vertical velocity component derived from the pressure altitude. 
Preferably, the processor weights the vertical velocity derived from the pressure 
altitude depending upon the resolution of the pressure altitude with greater time 
constants and, therefore, less weight being given to pressure altitude values haye 
poorer resolution. In one embodiment, the processor selects the time constant as 
follows: 

Resolution of 
Pressure Altitude 

100 feet 60 
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10 feet 30 
1 foot 10 
So long as the aircraft is determined to be in the air, the processor 10 then sums 
the vertical velocity components derived from the pressure altitude and the GPS 
5 altitude to form the computed vertical velocity in feet per minute. See block 50. As 
shown, the processor can also negatively feed back the sum of the vertical velocity 
components such that the computed vertical velocity is actually defined as follows: 

HgDot*TS HpDot 
Computed Vertical Velocity = — H — - — — 

Thus, the processor 10 effectively subjects the vertical velocity value derived 
10 from pressure altitude to low pass filtering to reduce the high frequency noise. In 

contrast, the processor effectively subjects the GPS derived vertical velocity value to 
high pass filtering to reduce long term offset errors. 

Accoidingly, the processor 10 of the embodiment depicted in Figure 5 bases 
the computed vertical velocity primarily upon the GPS derived vertical velocity due to 
15 its relatively good resolution with some corrections for drift or other trends away from 
the pressure altitude derived vertical velocity. Instead of computing the vertical 
velocity based, in large part, upon the GPS altitude, the processor can compute the 
vertical velocity based, instead, upon a GPS vertical velocity value if the GPS 12 
actually provides a measure of the vertical velocity since GPS altitude may lag 
20 some\^4iat. Thus, the processor of the present invention csm effectively determine the 
vertical velocity without input fix)m an ADC, such as a barometric rate input. For a 
more detailed discussion of the determination of the vertical velocity, see, for 
example, U.S. Provisional Patent Application Serial No. 60/134,089, entitled "Vertical 
Velocity Generator" filed May 14, 1999. This provisional patent application describes 
25 the determination of the vertical velocity, and as such, the contents of the provisional 
application are herein incorporated by reference in their entirety. 

Referring again to Figure 4, the processor 10 can utilize the computed vertical 
velocity and the ground speed provided by the GPS 12 to determine the flight path 
angle. In particular, the processor initially computes gamma to be equal to (vertical 
30 . speed * 180)/(ground speed * 60 * 1.688 * ) . See block 52. The processor then 
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passes gamma through a low pass fiUer 54, such as a three sample medium filter, to 
smooth the gamma value, which defines the flight path angle. Thereafter, the 
processor preferably constructs the alert envelopes to have a floor that slopes at an 
angle that equals or otherwise varies with the computed flight path angle. 

In order to permit a normal level off maneuver (defined as a constant g pull of 
1 ft/sec^) at descent rates up to 1500 feet per minute to a minimum descent altitude of 
350 feet above ground level without the generation of nuisance alarms, the processor 
10 can add a lead term to the flight path angle. In this regard, the processor can add a 
lead term as depicted in dashed Imes in Figure 4 by subjecting gamma to feed forward 
processing. In this regard, the processor initially determines the gamma rate in 

degrees per second by multiplying gamma by ^ *^ . See block 56. While the time 

1*5 + 1 

constant can have different values, the processor typically sets to 2 seconds. The 
processor then multiplies the gamma rate by a constant K, which defines the desired 
lead term, such as K=5 for a 5 second lead term. See block 58. After limiting the 
result, such as between -2 and +2, the processor recombines the fed forward signal 
with gamma to define a flight path angle with a lead term. See blocks 60 and 62, 
respectively. Since the incorporation of a lead term into the flight path angle is 
primarily intended to permit normal level off maneuvers during final approach without 
the generation of nuisance alerts, the processor 10 preferably sets K to zero at all times 
other than final approach and then changes K to a positive value, such as 5, to provide 
the lead term during final approach. 

As described, the ground proximity warning system and method of the present 
invention is capable of determining the positional relationship of the aircraft to the 
underlying terrain based only upoii signals indicative of the pressure altitude, GPS 
signals and elevational data associated with the upcoming terrain. Conversely, the 
ground proximity warning system and method of the present invention is independent 
of and need not receive signals from a radio altimeter, an ADC or a glideslope receiver 
or signals indicative of the configuration of the landing gear and flaps as required by 
conventional ground proximity warning systems and methods. Thus, the ground 
proximity waming system and method of the present invention is particularly 
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advantageous for general aviation aircraft that are not generally mandated to have a 
radio altimeter, an ADC or a glideslope receiver and, therefore, do not generally have 
such expensive equipment. 

In addition to determining the positional relationship of the aircraft to the 
upcoming terrain and issuing warnings if the alert criteria are violated, the ground 
proximity warning system and method of the present invention also provide similar 
alerts to those provided by at least one of Modes 1 and 3 and the altitude callouts of 
Mode 6 of a conventional ground proximity warning system and method, albeit with 
only a subset of the input parameters. In this regard, the ground proximity warning 
system and method of one embodiment detects an excessive descent rate at a relatively 
low altitude above ground and issues a "sinkrate" and/or a "pull up" alert depending 
upon the perceived severity, similar to the Mode 1 alerts of a conventional ground 
proximity warning system and method. While a conventional ground proximity 
warning system and method generates Mode 1 alerts based upon apredetennined 
criteria between the radio altitude and the descent rate, the ground proximity warning 
system and method of this embodiment and, in particular, the processor 10 generates 
alerts based upon an alert criteria between a pseudo radio altitude and the descent rate, 
since the ground proximity warning system and method of the present invention are 
typically independent of a radio altimeter and therefore do not receive signals 

indicative of the radio altitudes.. 

According to the present invention, the processor 10 preferably determines the 
pseudo radio altitude as the difference between the geometric altitude of the aircraft 
and the elevation of the underiying terrain, as defined by the associated terrain 
databases. In this regard, since the ground proximity warning system and method of 
the present invention need not be associated with either a radio altimeter or an ADC, 
the processor does not calibrate the geometric altitude based upon the radio altitude or 
the corrected barometric altitude. Instead, the processor detennines the geometric 
altitude based upon GPS altitude, pressure altitude and, optionally, the extemal air 
temperature. See, for example, U.S. Patent Application Serial No. 09/255,670 
(hereinafter the '670 application) entitled "Method and Apparatus for Determining 
Altitude" filed February 23, 1999, the contents of which are incorporated herein. 
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In addition to the geometric altitude, the ground proximity warning system and 
method of this embodiment and, more particularly, the processor 10 determines the 
descent rate which is equal to the vertical velocity of the aircraft, typically computed 
as described above in conjunction with Figure 4. As illustrated in Figure 6, the 

5 processor also defines a predetermined relationship between the pseudo radio altitude 
and the descent rate such that the processor will actuate the associated warning 
mechanism to issue an alert if the descent rate exceeds a predefined maximum descent 
rate for the current pseudo radio altitude. While the processor can define various 
predefined relationships between the pseudo radio altitude and the descent rate, the 

10 processor of one embodiment defines different relationships depending upon the 

pseudo radio altitude. For example, for pseudo radio altitudes above a predetermined 
maximum, such as 5000 feet, the processor will not generate any Mode 1 alerts, 
irrespective of the descent rate. For pseudo radio altitudes between 500 feet and 2300 
feet, the processor defines a linear threshold 70 defining a relationship between pseudo 

1 5 radio altitude and descent rate and generates alerts at descent rates that exceed the 

threshold for the respective pseudo radio altitude. While the processor can define a 
variety of linear thresholds, the processor of one embodiment defines a linear 
threshold that will generate an alert at least 20 seconds prior to impact at the current 
descent rate. Although not necessary for the practice of the present invention, the 

20 processor can define a second linear threshold 72 for lower pseudo radio altitudes, i.e., 

below 500 feet. As depicted in Figure 5, the processor preferably defines the second 
linear threshold to have a steeper slope in order to allow increased maneuvering near 
the ground, as is more common for general aviation aircraft. 

As described in the aforementioned '670 patent application, the geometric 

25 altitude has an associated vertical figure of merit (VFOM), such as 300 feet, for 

example, that serves as a limit on the accuracy or resolution of the geometric altitude. 
Since the pseudo radio altitude is based upon the geometric altitude, the accuracy or 
resolution of the pseudo radio altitude is also limited by the geometric altitude VFOM. 
Thus, the processor 10 preferably disables the warning mechanism and provides no 

30 more alerts at pseudo radio altitudes at or below the geometric ahitude VFOM, as 

indicated by the horizontal line 74 in Figure 6. Thus, the processor prevents nuisance 
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alarms from being generated at pseudo radio altitudes lower than the geometric 
altitude VFOM. 

In addition to the predefined relationship between the pseudo radio altitude and 
the descent rate described above and termed the sinkrate curve due to the generation of 
an audible alert of "sinkrate" for excessive descent rates, the processor 10 also defines 
another relationship (a pull up curve) between pseudo radio altitude and descent rate at 
which a more severe "pull up" alert will be generated. The processor preferably 
defines the pull up curve to be similar to the pull up curve of a conventional ground 
proximity warning system and method, albeit with reference to pseudo radio altitude 
as opposed to radio altitude. Thus, the processor generally defines the pull up curve to 
have a major linear segment 76 and a steeper linear segment 78 at lower pseudo radio 
altitudes above ground without generating nuisance alarms. In addition, the processor 
preferably limits the pull up curve at low pseudo radio idtitudes such that the warning 
mechanism is disabled and alerts are not generated for pseudo radio altitudes equal to 
or less than the geometric altitude VFOM, thereby preventing additional nuisance 
alarms as described above. 

Unlike the Mode 1 alerts generated by a conventional ground proximity 
warning system and method, the ground proximity warning system and method of the 
present invention and, in particular, the processor 10 does not bias the sinkrate and 
pull up curves based upon deviations from-the glideslope or the unusually steep 
approaches tbit are suggested at some airports. Thus, the generation of the Mode 1 
alerts by the processor is sunplified according to this embodiment of the present 
invention relative to a conventional ground proximity warning system and method. 

In addition to Mode 1 alerts, the ground proximity warning system and method 
of the present invention can provide an alert for excessive descent after takeoff in a 
mamier analogous to the Mode 3 alerts provided by a conventional ground proximity 
warning system and method. In contrast to a conventional ground proximity warning 
system and method that generates Mode 3 alerts based upon a predefined relationship 
between radio altitude and altitude loss, the ground proximity warning system and 
method of the present invention and, in particular, the processor 10 generates alerts 
based upon a predefined relationship between a measure of the height above field and 
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altitude loss, since the ground proximity warning system and method of the present 
invention is designed to be independent of a radio ahimeter and, therefore, does not 
receive signals indicative of the radio ahitude. 

According to this embodiment, the processor 10 preferably determines the 
height above field to be equal to the difference between the geometric altitude and the 
elevation of the runway from which the aircraft departed. In this regard, the processor 
preferably utilizes the geometric altitude since its resolution is generally better than 
the pressure altitude, at least over the short term following take off during which Mode 
3 is active. While the processor could determine the elevation of the runway to be 
equal to the elevation of the runway stored in the runway database that can also be 
maintained in the memory device 20, the processor can also determine the elevation of 
the runway by other techniques without departing from the spirit and scope of the 
present invention. For example, the processor can set the elevation of the runway to 
the value of the geometric altitude at the time that the processor determines that the 
aircraft is in air. Alternatively, the processor can determine the height above field by 
integrating the computed vertical velocity from the time that the aircraft is in air. In 
addition, the processor preferably defines the altitude loss to be a decrease in 
geometric altitude during a generally short period of lime following take off. 

As depicted in Figure 7, the processor 10 typically defines a predetenniped 
relationship between the height above field and the altitude loss that can be graphically 
expressed as a curve comprised of several linear segments. In this regard, the 
processor preferably disables the warning mechanism and prevents alarms above a 
predefined maximum height above field, such as 700 feet, to eliminate nuisance 
alarms for pattern work and for altitude flight. See segment 80. In addition, the 
processor preferably disables the warning mechanism and prevents alarms for any 
height above field that is equal to or less than the geometric altitude VFOM in order to 
further reduce nuisance alarms as described above. See segment 82. For heights 
above field between the geometric altitude VFOM and the predefined maximum 
height above field, the processor preferably actuates the warning mechanism to issue 
an alert if the altitude loss exceeds a predetermined threshold established for the 
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respective height above field. See segment 84. Thus, the flight crev. can take 
appropriate action to ascent prior to more closely approaching tiie ground. 

In contrast to the Mode 3 alerts provided by a conventional ground proximity 
warning system and method, the ground proximity warning system and method of this 
embodiment does not rearm the processor to generate additional Mode 3 alerts in 
instances in which tiie aircraft is going around, primarily because the ground 
proximity warning system and method of the present invention is designed to be 
independent of signals representative of the configuration of tiie landing gear and flaps 
which are typically required by a conventional ground proximity warning system and 
metiiod to rearm tiie Mode 3 alerts. Thus, the ground proximity warning system and 
metiiod of tills embodiment is simplified relative to a conventional ground proximity 
warning system and metiiod tiiat provides Mode 3 alerts. 

The ground proximity warning system and method of one advantageous 
embodiment also provides call outs at one or more predetermined altitudes above 
ground in instances in which tiie aircraft is witiiin a predefined range of a runway, 
such as 5 nautical miles. Thus, the ground proximity warning system and method of 
the embodimem can provide altitude call outs much like tiiose provided by Mode 6 of 
a conventional ground proximity warning system and metiiod. 

In one embodiment, tiie processor 10 generates an altitude call out at 
approximately 500 feet above ground for an aircraft in an approach and witiiin 5 
nautical miles ofa runway, as shown in Figure 8. Witii respect to tiie distance to tiie 
runway, tiie processor typically determines tiie distance between tiie latitude and 
longitude of the aircraft, as provided by tiie GPS unit 12 receiver, and tiie latitude and 
longitude provided by tiie runway database for the intended runway, preferably 
selected by tiie processor as described by tiie '924 application. While tiie processor 10 
can determine tiiat tiie aircraft is in an approach mode in various manners, tiie 
processor of one embodiment determines tiiat tiie aircraft is in an approach mode if tiie 
aircraft is determined to be in tiie air and tiie aircraft is more tiian a predetermined 
altitude above the runway, such as 700 feet in one example depicted in Figure 2. 

In tiie illustrated embodiment, the processor 10 actuates the warning 
mechanism to generate an alert if tiie height above field falls to between 550 feet and 
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400 feet during an approach and within 5 nautical miles of the selected runway, 
although other embodiments can provide callouts at other altitudes and/or within other 
ranges of the runway. The processor typically drives the warning mechanism to 
generate a single alert upon falling below 550 feet above the runway and does not 
generate another alert until the aircraft has climbed to above a reset altitude, such as 
700 feet above the runway, before descending to below 550 feet again. In this regard, 
it is noted that the processor generates a call out of 500 feet above the runway upon 
the height above field falling to 550 feet, as opposed to 500 feet, in order to 
accommodate the resolution of the geometric altitude and to generally insure that the 
500 foot call out is generated at no lower height above field than 500 feet. 

In addition, the ground proximity warning system and method of the present 
invention and, in particular, the processor 10 of the present invention can also 
determine the positional relationship between the aircraft and a runway, i.e., the 
selected runway as described by the '924 application. In this regard, the processor is 
capable of determining the positional relationship between the aircraft and the runway 
based only upon the pressure altitude, the GPS signals and the data provided by the 
runway database that defmes the position of the various runways. For example, the 
processor can generate an obstacle clearance floor, also known as a runway field 
clearance floor (RFCF) envelope, about a selected runway that defines minimum 
altitudes that should be maintamed relative to the elevation of the runway, not 
necessarily relative to the terrain underlying the aircraft. Thus, the ground proximity 
warning system and method of fliis embodiment can provide alerts of rather abrupt 
changes in elevation at or near a selected runway while not unnecessarily increasing 
the number of nuisance alarms. For example, U.S. Patent Application Serial No. 
09/496,298, entitled "Apparatus, Methods, Computer Program Products for 
Generating a Runway Field Clearance Floor Envelope About a Selected Runway" 
filed February 1, 2000 fiirther describes the generation of an obstacle clearance floor, 
the contents of which are incorporated herein by reference. As described above in 
conjunction with other aspects of the ground proximity warning system and method of 
the present invention, the ground proximity warning system and method determines 
the height above field based on the geometric altitude and the elevation of the runway 
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and, once the ^craft is within 5 nautical miles of the runway, further determines if the 
aircraft at the current height above runway has fallen below a predefined obstacle 
clearance floor, in which case an alert is issued. While the processor could determme 
the distance to runway based upon the difference between the current position of the 
aircraft and the position of the runway that is stored in the runway database, the 
processor preferably determines a corrected distance to runway end as described by 
U.S. Patent Application Serial No. 09/495,630, entitled "Methods, Apparatus and 
Computer Program Products for Determining a Corrected Distance Between an 
Aircraft and a Selected Runway" filed February 1, 2000, the contents of which are also 
incorporated herein by reference. In either event, the ground proximity warning 
system and method and, in particular, the warning mechanism of this embodiment 
provides yet another type of alert to fiirther enhance the situational awareness of the 
flight crew, such as in instances in which the flight patii of the aircraft would 
otherwise potentially cause the aircraft to land short of the runway or in various other 
CFIT situations. 

In addition to the audible alerts and warning lights 22 actuated by the processor 
.10, the ground proximity warning system and method of the resent invention 
preferably includes a display 18 which depicts the local and upcoming terrain in 
various colors depending upon the relative elevation of the terrain with respgct for the 
airway as described by U.S. Patent No. 5,839,080. While the ground proximity 
warning system and meAod can configure the display in various manners, the ground 
proximity wammg system and method of one embodiment presents the image in a 
track up orientation while the aircraft is in flight In addition, the ground proximity 
warning system and method of this embodiment can alter the image to a north up plan 
view with the aircraft in the center while the aircraft is on the ground since the aircraft 
wUl no longer have a track. However, the ground proximity warning system and 
method can also permit the flight crew, a technician or the like to configure the 
display, including varying the range, as desired. For example, the ground proximity 
warning system and method can depict the local and upcoming terrain in a vertical 
profile presentation. In addition, the local and upcoming terrain, the ground proximity 
warning system and method can present an image of the selected runway on the 



-28- 



display. Further, the ground proximity warning system and method can overlay a 
trend vector, such as for a 30 second or 60 second path, and/or flight planning 
information on the image of the terrain, if so desired. 

In addition to permitting at least some configuration of the display 18 by the 
flight crew, a technician or the like, the ground proximity waming system and method 
can permit additional configuration, if so desired. For example, the ground proximity 
waming system and method of one embodiment permit various ones of the predefined 
elevations or altitudes to be customized by the flight crew, a technician or the like to 
better tailor the ground proximity waming system and method to a particular 
application. 

Therefore, the ground proximity waming system and method of the present 
invention provide alerts in various predefined situations in order to substantially 
increase the situational awareness of a flight crew wdthout requiring the robust set of 
input parameters demanded by conventional ground proximity waming systems and 
methods. Instead, the ground proximity waming system and method of the present 
invention are capable of providing various alerts based only upon signals 
representative of the pressure altitude and, the GPS signals without reference to a 
radio ahimeter, an ADC, a glideslope receiver or signals indicative of the 
configuration of the landing gear or flaps. Thus, aircraft, such as general aviation 
aircraft, can install the ground proximity waming system and method of the present 
invention in order to provide increased situational awareness without having to buy 
and install a nuniber of other subsystems, such as a radio altimeter, an ADC and a 
glideslope receiver, that are not typically required for general aviation aircraft and that 
are prohibitively expensive. 

Many modifications and other embodiments of the invention will come to 
mind to one skilled in the art to which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and the associated drav^dngs. 
Therefore, it is to be understood that the invention is not to be limited to the specific 
embodiments disclosed and that modifications and other embodiments are intended to 
be included within the scope of the appended claims. Although specific terms are 
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employed herein, they are used in a generic and descriptive sense only and not for 
purposes of limitation. 
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THAT WHICH IS CLAIMED: 



1 . A ground proximity warning system comprising: 

a processor, responsive to a global position system (GPS) receiver, for 
determining a positional relationship between an aircraft and upcoming terrain; and 

a warning mechanism, responsive to said processor, for providing an alert if 
said processor determines that the positional relationship between the aircraft and the 
upcoming terrain fails to meet an alert criteria, 

wherein s^d processor is capable of determining the positional relationship 
between the aircraft and the upcoming terrain based only upon a pressure altitude, 
signals provided by the GPS receiver and elevational data associated v^th the 
upcoming terrain. 

2. A ground proximity warning system according to Claim 1 wherein said 
processor is capable of determining the positional relationship between the aircraft and 
the upcoming terrain in a manner independent of at least one signal selected from the 
group consisting of signals indicative of radio altitude, indicated airspeed, roll angle, 
respective positions of landing gear and flaps and a glideslope. 

3. A ground proximity warning system according to Claim 2 wherein said 
processor is capable of determining the positional relationship between the aircraft and 
the upcoming terrain in a manner independent of each of the signals indicative of radio 
altitude, indicated airspeed, roll angle, respective positions of landing gear and flaps 
and the glideslope. 

4. A ground proximity warning system according to Claim 1 wherein said 
processor defines the alert criteria at least partially based upon data associated with a 
runway. 

5. A ground proximity warning system according to Claim 1 wherein said 
processor is also capable of determining a positional relationship between the aircraft 
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and a runway based only upon the pressure altitude, signals provided by the GPS 
receiver and data associated with the runway, and wherein said warning mechanism is 
also capable of providing an alert if said processor determines that the positional 
relationship between the aircraft and the runway fails to meet a predetermined criteria. 

6. A ground proximity warning system according to Claim 1 further 
comprising a memory device for storing a terrain database defining the elevational 
data for the upcoming terrain, wherein said processor constructs a warning envelope 
extending in advance of the aircraft and compares the warning envelope to the 
upcoming terrain based on the elevational data associated with the upcoming terrain, 
and wherein said waming mechanism provides a warning alert if said processor 
determines that the upcoming terrain will pierce the waming envelope. 

7. A ground proximity waming system according to Claim 6 wherein said 
processor ftirther constructs a caution envelope extending further in advance of the 
aircraft than the warning envelope and compares the caution envelope to the upcoming 
terrain based on the elevational data associated with the upcoming terrain, and wherein 
said waming mechanism provides a cautionary alert if said processor determines that 
the upcomii^ terrain will pierce the caution envelope. 

8. A ground proximity waming system according to Claim 1 wherein said 
processor is also responsive to a temperature probe such that said processor is capable 
of determining the positional relationship between the aircraft and the upcoming 
terrain based upon a temperature in addition to the pressure altitude, the signals 
provided by the GPS receiver and elevational data associated with the upcoming 
terrain. 

9. A ground proximity waming system according to Claim I further 
comprising a memory device for storing a terrain database defining the elevational 
data for the upcoming terrain, wherein said processor determines a geometric altitude 
of the aircraft and a difference between the geometric altitude and an elevation of local 



terrain, and wherein said warning mechanism provides an alert if the difference 
between the geometric altitude and the elevation of the local terrain is less than a 
predetermined altitude. 

10. A ground proximity warning system according to Claim 1 wherein said 
processor is responsive to at least one GPS signal selected from the group consisting 
of GPS signals indicative of a latitude, longitude, ground speed, ground track, GPS 
altitude and a quality parameter. 

11. A method for providing groimd proximity warnings comprising: 
determining a positional relationship between an aircraft and upcoming terrain, 

wherein the positional relationship is capable of being determined based only upon a 
pressure altitude, signals provided by a global position system (GPS) receiver and 
elevational data associated with the upcoming terrain; and 

providing an alert if the positional relationship between the aircraft and the 
upcoming terrain fails to meet an alert criteria. 

12. A system for determining a sinkrate of an aircraft comprising: 

a processor, responsive to a signal indicative of a pressure altitude and to 
signals from a global position system (GPS) receiver, for determining a pseudo radio 
altitude and a vertical velocity, said processor determining the pseudo radio altitude 
based upon a geometric altitude and an elevation of local terrain, said processor 
determining the vertical velocity based upon a combination of a first vertical velocity 
derived from the signal indicative of the pressure altitude and a second vertical 
velocity derived from the signals from the GPS receiver, wherein said processor 
determines if the vertical velocity of the aircraft at the pseudo radio altitude exceeds a 
predetermined sinkrate. 

13. A method for determining a sinkrate of an aircraft comprising: 
determining a pseudo radio altitude and a vertical velocity in response to a 

signal indicative of a pressure altitude and to signals from a global position system 
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(GPS) receiver, said determining step comprising determining the pseudo radio 
altitude based upon a geometric altitude and an elevation of local terrain, said 
determining step further comprising determining the vertical velocity based upon a 
combination of a first vertical velocity derived from the signal indicative of the 
pressure altitude and a second vertical velocity derived from the signals from the GPS 
receiver; and 

determining if the vertical velocity of the aircraft at the pseudo radio altitude 
exceeds a predetermined sinkrate. 

14. A system for detecting descent after takeoff from a runway comprising: 
a processor, responsive to a signal indicative of pressure altitude and to signals 
fi-om a global position system (GPS) receiver and independent of radio altitude, for 
determining height'above field based upon a geometric altitude, wherein said 
processor determines if an altitude loss of the aircraft at the height above field 
following takeoff exceeds a predetermined altitude loss; and 

a warning mechanism, responsive to said processor, for providing an alert if 
said processor determines that he altitude loss of the aircraft at the height above field 
following takeoff exceeds the predetermined altitude loss. 

15. A system according to Claim 14 wh«rein the geometric altitude is 
associated with a figure of merits and wherein said warning mechanism is disabled if 
said pfoceissor determines that the height above field is less than the figure of merit. 

16. A system according to Claim 14 wherein said warning mechanism is 
disabled once said processor determines that the height above field is at least as great 
as a predetermined maximum height above field. 

17. A system according to Claim 1 4 wherein said processor is capable of 
determining if the altitude loss of the aircraft at the height above field following 
takeoff exceeds the predetermined altitude loss in a manner that is also independent of 
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at least one signal selected from the group consisting of signals indicative of indicated 
airspeed, roll angle, respective positions of landing gear and flaps and a glideslope. 

1 8. A system according to Claim 17 wherein said processor is capable of 
determining if the altitude loss of the aircraft at the height above field following 
takeoff exceeds the predetermined ahitude loss in a maimer that is also independent of 
each of the signals indicative of indicated airspeed, roll angle, respective positions of 
landing gear and flaps and the glideslope. 

19. A system according to Claim 1 4 wherein said processor is capable of 
determining if the altitude loss of the aircraft at the height above field following 
takeoff exceeds the predetermined altitude loss based only upon the signal indicative 
of pressure altitude and signals provided by the GPS receiver. 

20. A system according to Claim 19 wherein said processor is also 
responsive to a temperature probe such that said processor also determines the height 
above field based upon a temperature. 
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